
Extended Quad-tree Partitioning for Future Video Coding

Meng Wang∗, Junru Li†, Li Zhang�, Kai Zhang�, Hongbin Liu‡,
Shiqi Wang∗, Sam Kwong∗ and Siwei Ma†

∗Department of Computer Science, City University of Hong Kong, Hong Kong, China.
†Institute of Digital Media, Peking University, Beijing, China.

�Bytedance Inc., San Diego CA. 92122 USA.
‡Bytedance (HK) Limited., Hong Kong, China.

Abstract

The quad-tree plus binary-tree (QTBT) coding unit (CU) partitioning structure, which
has been adopted to the next generation video coding standard, shows promising coding
performance when compared with the conventional quad-tree structure in HEVC. In this
paper, we propose the Extended Quad-tree (EQT) partitioning, which further extends the
QTBT scheme and increases the partitioning flexibility. More specifically, EQT splits a
parent CU into four sub-CUs of different sizes, which can adequately model the local image
content that cannot be elaborately characterized with QTBT. Meanwhile, EQT partitioning
allows the interleaving with BT partitioning for enhanced adaptability. Experimental results
on the JEM7-QTBT-Only platform show that EQT brings better coding performance with
3.17%, 3.20% and 3.06% BD-Rate gains under random access, low-delay P and low-delay
B configurations, respectively.

1. Introduction

The dramatic increasing of video data and the fast development of video oriented ap-
plications bring enormous challenges to the video coding technology. The partitioning
structure in video coding, which directly determines the selection of optimal predic-
tion and coding information, is crucial for the final coding performance. In the High
Efficiency Video Coding (HEVC) standard [1], a video frame is firstly divided into
non-overlapping and equal-sized coding tree units (CTUs). The CTU can be further
split into four equal coding units (CU) according to the quad-tree (QT) in a recursive
manner [2]. The size of CUs ranges from 64 × 64 to 8 × 8 in HEVC, and CUs can be
continuously divided into prediction units (PU) on the basis of PU partitioning rules.
The basic unit of transformation and quantization is the transform unit (TU), which
is recursively split to form the residual quad-tree [3]. The optimal combinations of
CU, PU and TU are determined by the rate distortion optimization (RDO) criteria,
and superior performance has been revealed in HEVC when compared with monotone
block partitioning in H.264/AVC [4] accordingly.

However, regarding the partitioning structure, there are still significant limita-
tions existing in HEVC [5]. Firstly, all CUs are square shape due to the adopted QT
structure, which may not well adapt to the dynamic video content. Secondly, PU
and TU partitioning are not sufficiently efficient because the root of TU or PU is the
square-shape CU. Lastly, the bits consumed for representing PU and TU partitioning
modes cannot be avoided. To further improve the coding performance beyond the
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(a) An example of QTBT partitioning (b) Partitioning tree structure

Figure 1: Illustration of a QTBT structure.

HEVC, Joint Video Exploration Team (JVET) established by Moving Picture Ex-
perts Group (MPEG) and Video Coding Experts Group (VCEG) aims at developing
the next generation of video coding standard-Versatile Video Coding (VVC) [6]. In
particular, the flexible CU structure such as quad-tree plus binary-tree (QTBT) [7]
shows remarkable coding performance and attracts numerous attentions. With the
QTBT structure, square and non-square coding blocks can be combined together to
better adapt different local content characteristics.

In QTBT, a CTU is first split into 4 equal square parts by QT, then the sub-nodes
of QT is further split by QT or binary-tree (BT). A BT node may also be further
split with BT until reaching the minimum BT size or the maximum splitting depth.
In particular, the QT splitting is not allowed at BT nodes. As a result, a CTU will be
split into a group of square and rectangle blocks according to the local characteristics.
One example of QTBT structure is shown in Fig. 1. QT splitting is represented by
solid lines and BT splitting is illustrated by dotted lines. Configuration parameters
MinQTSize and MaxBTSize are involved to specify the minimum allowed QT size
and maximum allowed BT size, respectively. Other parameters such asMaxBTDepth
and MinBTSize are defined to represent the maximum allowed BT depth and the
minimum allowed BT leaf node size, in an effort to efficiently signal QTBT presetting.
The BT leaf nodes are termed as CUs which are further processed by prediction and
transformation without any further partitioning. Therefore, the concepts of PU and
TU are unnecessary in this scenario.

The QTBT partitioning introduces better compression efficiency compared with
QT partitioning in HEVC. Yet, there still exists room for further improvement. In
addition to QTBT, triple-tree (TT) was proposed in [8], which splits a parent block
into 3 parts with the 1:2:1 ratio in horizontal or vertical direction. Asymmetric
binary-tree (ABT) partitioning [9] has also been studied in the VVC development.
ABT partitioning contains four different directions and spits a parent block into
two parts with the 1:3 ratio. However, new transform cores are needed to adapt
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to the triple length of the larger block. In [10], a compound split tree is utilized.
In particular, QT partitioning is allowed to be performed both before and after the
binary-tree partition, which achieves 1.25% BD-rate savings under Random Access
(RA) configuration on the platform JEM-7.0 when compared with traditional QTBT
structure. However, the encoding complexity is five times of the original QTBT
structure since more partition combinations are allowed.

To further explore the partitioning potential to enhance the compression perfor-
mance, we propose the extended quad-tree partitioning (EQT) on the basis of QTBT
structure. Considering the fact that QT and BT partitioning only allow the splitting
across or along the block center, leading to two or four identical sub-blocks, EQT
partitioning generates four elaborately designed sub-blocks with different sizes. As
such, EQT not only provides a complementary representation to QTBT, but also
flexibly captures the pattern of the local image content. To promote the adaptability,
EQT partitioning is also capable of interleaving with BT partitioning. Simulation
results show the proposed EQT partitioning achieves promising performance.

2. The Proposed EQT Partitioning

In this section, we detail the EQT partitioning, including the motivations, design
principles, and analyses. With QTBT plus EQT partitioning, more splitting options
are allowed to effectively characterize multifarious video content. The ultimate op-
timal splitting mode is selected according to the RDO criteria, and consequently,
the splitting mode with the lowest RD cost is regarded as the best one. In this
section, technical details of EQT partitioning are first comprehensively introduced.
Subsequently, the signaling of EQT partitioning flags is illustrated. Moreover, block
splitting strategy in picture boundaries plays a crucial role in promoting the coding
efficiency, which is also elaborately designed in the EQT. Lastly, we analyze the EQT
partitioning based on the QTBT structure.

A. EQT Partitioning

With the EQT partitioning, a parent CU is split into four sub-CUs with different
sizes. As shown in Fig. 2, EQT divides a M × N parent CU into two M × N/4
CUs and two M/2×N/2 CUs in the horizontal direction. Analogously, EQT vertical
partitioning generates twoN×M/4 CUs and twoM/2×N/2 CUs. In particular, EQT
sub-blocks size is always the power of 2, such that additional transformations are not
necessarily involved. Different from QT partitioning which is not accessible after BT
partitioning, EQT partitioning is allowed to be applied on BT and EQT sub-blocks.
To further improve the flexibility, EQT can also interleave with BT partitioning. The
partition parameter settings, e.g., MinBTSize, MaxBTSize and MaxBTDepth are
shared between BT and EQT. An example of block partitioning with QT (dark lines),
BT (black dots), and EQT (dash dots) is shown in Fig. 3.

EQT partitioning generates four sub-blocks lying along the block boundary and
aside the block center, which can be further split by BT or EQT in a recursive
way when the splitting conditions are satisfied. A typical frame partitioned with
the QTBT plus EQT structure is illustrated in Fig. 4. Apparently, EQT provides
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a complementary and enhancement splitting strategy to deal with the content that
cannot be efficiently represented by QTBT.

(a) EQT horizontal partitioning mode (b) EQT vertical partitioning mode

Figure 2: Illustrations of EQT partitioning.

(a) An example of QTBT plus EQT (b) Partitioning tree structure

Figure 3: Illustration of a QTBT plus EQT partitioning structure.

B. Partitioning Type Signaling

In the structure of QTBT, a QT splitting flag is first signaled to indicate whether
the current CU is split by QT. As such, when this flag is false, the second signal
will be encoded to denote whether the current CU splitting mode is non-splitting or
BT splitting. For a BT splitting CU, the third bin (DIR) is signaled to discriminate
horizontal BT or vertical BT splitting. When EQT partitioning is introduced, one
additional bin termed as isEQT is signaled to indicate whether it is an EQT-split, in
the case that BT and EQT are both available, as shown in Fig. 5.
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Figure 4: Illustration of a video frame split with QTBT plus EQT.

In essence, checking the availability of the partitioning types is essential for pro-
moting the compression performance before signaling those flags. In particular, check-
ing whether vertical and horizontal splittings are both available according to CU size
before encoding the DIR is desperately needed. As a consequence, the DIR flag can
be removed if neither of the partitioning orientations is available. Analogously, be-
fore encoding the isEQT signal, which represents partitioning types as mentioned,
whether EQT partitioning is available is checked. For example, EQT horizontal par-
titioning is not available when the CU height is smaller than 4 × MinBTSize. In
such scenarios, it is not necessary to signal the isEQT flag, which further economizes
the bits signalled.

C. Picture Boundaries Handling with EQT Partitioning

To address the issue that the boundaries of a CTU may not coincide with the frame
boundaries, we elaborately design the picture boundaries handling strategy with EQT
partitioning. In the traditional QTBT structure, BT splitting is available with certain
splitting direction in the picture boundary (e.g., horizontal BT splitting for bottom
boundary and vertical BT splitting for right boundary). For the CUs partially locating
at the picture bottom-right corner, only QT splitting is allowed [9].

We introduce the EQT partitioning to picture boundary, leading to more splitting
options for the boundary blocks. More specifically, the EQT horizontal partitioning
is allowed if the bottom border of the frame exactly matches the top or bottom
partitioning line. Meanwhile, the EQT vertical splitting is allowed when the frame
right border lies on the left or right partitioning lines, as shown in Fig. 6. Again, the
optimal splitting modes is determined by RDO for the boundary partitioning.
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Figure 5: The signaling structure of QTBT plus EQT partitioning.

(a) Right and bottom split line (b) Left and top split line

Figure 6: Illustration of picture boundaries handling with EQT.

D. Analyses of EQT Partitioning

Flexible block partitioning enhances the adaptability of the representation, leading
to less residuals and better compression performance. In particular, multiple CU
sizes are generated with the combined partitioning. In general, the maximum and
minimum leaf node sizes are 128 × 128 and 4 × 4, respectively. As a result, 31
block-size types are obtained in the partitioning process (e.g., 8 × 8, 8 × 16, 16 × 8).
To effectively study the partitioning characteristics and demonstrate the effectiveness
of EQT, we conduct experiments on QT nodes and perform statistical analyses on
EQT, BT and non-split hit ratios for diverse sizes of CU blocks with three 1080p
test sequences. More specifically, two splitting orientations (horizontal and vertical)
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Figure 7: Statistical results of EQT, BT and non-splitting hit ratio with different CU sizes.

are grouped as BT or EQT. In total, 13 groups of blocks sizes are involved for which
EQT and BT partitions are both available. The partition modes ratios are presented
in Fig. 7.

According to statistical results, around 30% CUs select BT partitioning modes,
and EQT partitioning occupies 21%, which can prove that EQT partitioning is effec-
tive on the basis of QTBT structure. In particular, when considering the partitioning
with variant CU sizes, the hit ratio of EQT is over 23% on square-shape CUs, which
demonstrates that EQT is more appropriate for such kind of blocks. Regarding the
rectangle CUs, EQT hit ratio ranges from 10% to 20%, such that EQT still pro-
vides additional partitioning options and acts as a complementary component to BT
partitioning.

Fig. 8 (a) and (b) present two exemplary CU splitting schemes derived by BT
and BT plus EQT, respectively. The splitting order is also provided in Fig. 8. It
is interesting to see that with the identical splitting outcome, partitioning path and
the representation bits are different. In Fig. 8 (a), the horizontal BT partitioning is
firstly utilized, then the upper sub-block is partitioned by horizontal BT, following
which is the vertical BT partitioning performed on the child-blocks. As such, five
BT splittings within horizontal and vertical directions are observed. Regarding the
partitioning flow in Fig. 8(b), only one EQT horizontal partitioning followed by two
BT horizontal partitioning are involved. Therefore, EQT is capable of economizing
bits with certain partitioning results.
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(a) Block partitioning with BT (b) Block partitioning with BT and EQT

Figure 8: Illustration of splitting order of only BT and BT plus EQT partitioning.

Figure 9: The RD curve of Drum100 (3840 × 2160) in RA, Low-Tier.

3. Experimental Results

To investigate the performance of the proposed EQT partitioning, we integrate EQT
to the latest JVET reference software JEM-7.0 [11]. Simulations are conducted con-
forming to the JVET common test conditions (CTC) [12]. The recommended se-
quences are involved in our simulation, and JEM-7.0 with QTBT-only is regarded as
the anchor. We have conducted experiments with two groups of QPs to elaborately
evaluate the compression performance of EQT partitioning. The first experiment em-
ploys QPs of {22, 27, 32, 37}, which is identical to the CTC setting and is denoted as
Main-Tier. The second experiment utilizes QPs of {32, 37, 42, 47} with low operation
points and is referred to as Low-Tier. Experimental results in terms of Bjontegaard
delta rate (BD-Rate) [13] for luma component is shown in Table 1, where the negative
results denote the performance gain. It is observed that, when configured with Main-
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Tier, EQT achieves 3.17% , 3.20% and 3.06% BD-rate savings under RA, lowdelay-P
(LDP) and lowdelay-B (LDB) configurations, respectively. Meanwhile, the average
coding efficiency improvements reach to 3.51%, 3.90% and 3.81% in Low-Tier under
RA, LDP and LDB cases. Moreover, it should be noted that the robust EQT par-
titioning performs well among different resolutions and sequence bit-depths without
introducing computational burden of the decoder. Therefore, EQT partitioning pro-
vides effective collaboration with QTBT structure, leading to superior compression
efficiency. Fig. 9 shows the rate distortion (RD) curves of sequence Drums100, which
contributes up to 4.80% BD-rate savings under RA. This indicates our proposed EQT
partitioning provides consistent coding performance gain at different bit rates.

Table 1: Performance of the proposed EQT partitioning on JEM-7.0.

Class Sequence Main-Tier Low-Tier
RA LDP LDB RA LDP LDB

Tango -3.20% -3.19% -3.01% -3.24% -3.84% -3.78%
A1 Drums100 -4.21% -4.07% -3.63% -4.80% -5.00% -4.98%

CampfireParty2 -2.07% -1.89% -1.76% -2.89% -2.96% -2.92%

CatRobot -4.07% -4.28% -4.03% -3.92% -5.09% -4.62%
A2 TrafficFlow -3.88% -3.78% -3.34% -3.88% -3.20% -3.25%

DaylightRoad -4.18% -4.22% -3.98% -3.87% -4.39% -4.06%

Kimino -2.36% -2.68% -2.40% -2.51% -3.40% -3.06%
ParkScene -3.13% -3.32% -3.05% -3.32% -4.20% -4.02%

B Cactus -3.16% -3.12% -3.03% -3.68% -4.09% -4.14%
BQTerrace -3.24% -3.24% -2.58% -3.70% -3.49% -3.62%

BasketballDrive -3.25% -3.01% -2.63% -3.88% -4.11% -3.78%

RaceHorsesC -3.29% -2.58% -2.56% -4.37% -3.79% -3.87%
C BQMall -3.50% -3.36% -3.33% -4.22% -5.07% -4.83%

PartyScene -2.68% -2.28% -2.47% -3.05% -3.61% -3.59%
BasketballDrill -3.22% -2.89% -2.92% -3.95% -3.84% -3.84%

RaceHorses -3.17% -2.60% -2.55% -3.92% -3.88% -3.84%
D BQSquare -2.16% -2.38% -2.27% -2.34% -2.40% -2.49%

BlowingBubbles -2.65% -2.42% -2.71% -2.61% -3.31% -3.44%
BasketballPass -2.75% -2.46% -2.39% -3.72% -4.07% -3.90%

FourPeople -3.46% -4.18% -4.06% -3.40% -4.64% -4.46%
E Jonny -2.94% -4.36% -4.56% -2.86% -3.60% -3.36%

KristenAndSara -3.23% -4.15% -4.18% -3.10% -3.76% -4.06%

Average -3.17% -3.20% -3.06% -3.51% -3.90% -3.81%

4. Conclusions

In this paper, we have presented a novel EQT partitioning on the basis of QTBT
structure with the aim of further extending block partitioning flexibility and pro-
moting compression performance. In particular, EQT splits a CU into four sub-CUs
with different sizes to efficiently capture the local image content. Moreover, EQT
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can also interleave with BT partitioning to enhance adaptability. The proposed EQT
partitioning is implemented on JEM-7.0 to evaluate the performance compared with
QTBT structure. Simulation results verify the effectiveness and superior performance
of the proposed EQT partitioning, with on average 3.17%, 3.20% and 3.06% BD-Rate
savings under RA, LDP and LDB configurations, respectively. Moreover, significant
coding performance is also achieved in Low-Tier with over 3.50% BD-Rate reductions
on average.
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